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( rHFSYNERGISTir EFFECT OF OOP AND G-CSF OI^Mffifafeg^ B 

FTF.T n OF TNVENTION 

The present invention relates to medical field, and, in p articular, to the synergistic 
effect of osteogenic growth peptide (OGP) and granulocyte colony-stimulating factor (G- 
CSF) on haematogenesis, and the pharmaceutical composition comprising OGP and G- 
CSF. 
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PRIOR ART 

In 1988, Itai Bab, et al., discovered osteogenic growth peptide (OGP), a polypeptide 
of 14 amino acids which improved the growth of the osteocytes. OGP is originated from 
14-peptide at the C -terminal of histone H 4, that is the processed product resulting from 
the translation initialing from AUG85 at mRNA level after the transcription of the gene of 
histone H4 [Bab I, et al. (1999) J. Biol. Chem. 274(20): 14474-14481]. During the 
regeneration of the marrow, several osteogenesis promoting factors are released and enter 
into the blood circulation, which enhance the systematic ossification. Osteogenic growth 
peptide was obtained by isolation and purification [Bab I, et al. (1988) Endocrinology 123: 
345-352; Bab I, et al. (1992) EMBO J. 11: 1867-1873]. 

The OGP sequences of the OGPs presented in human and mice serum are completely 
identical and possess same biological activity [Greenberg Z, et al. (1995) J. Clin. 
Endocrinol Metab 8: 2330-2335]. Under physiological conditions, OGPs are presented m 
bound form, that is, OGP-OGP binding protein (OGPBP) complex, which accounts for 
about 80%-97% of total amount of OGP [Greenberg Z, et al. (1995) JCE & M. 80(8): 
2330-2335]. OGPBP in serum is a2 macroglobulin, whose function is perhaps to protect 
serum OGP from degradation, or regulate the level of active OGP in the serum [Gavish H, 
et al (1997) Biochemistry 36: 14883-14888]. OGP C-terminal 5-peptide may be the 
enzymatic digestion product during the dissociation of OGP and its binding protein, which 
is also presented in nature and has many similar activities as OGP [Bab I, et al. (1999) J 
Pept Res 54: 408-414]. 

30 Synthetic OGP (sOGP) has completely identical sequence like the nature OGP, 

which can in vitro promote the propagation of osteoblasts, fibroblasts and human marrow 
stroma cells, the activity of the alkaline phosphatase of osteoblasts, human and rabbit bone 
marrow stroma cells, and in vivo promote the bone formation and the weight of bone 
trabecula in rat [Bab I., et al. (1992) EMBO J. 11: 1867-1873; Robinson D. et al. (1995) J. 

35 Bone and Mineral Research 10(5): 690-696]. 

OGP is not only osteogenic but also facilitates haematogenesis. OGP can promote 
the increase of the numbers of peripheral blood leukocytes and bone myeloid cell. 
Administration of sOGP to radiation impaired mice before bone marrow transplantation 
can help the reestablishment of haematogenesis and increase mice survival rate [Gurevitch 
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O, et al. (1996) Blood 88(12): 4719-4724]. The administration of OGP C-terminal 5- 
peptide to bone marrow impaired mice by cyclophosphamide can accelerate the recovery 
of mice peripheral blood leukocytes and recruit mice peripheral blood stem cells [Rita F, 
et al. (2002) Leukemia Research 19-27]. However, the effect of OGP on haematogenesis is 

5 quite weak, significantly weaker than granulocyte colony stimulating factor (G-CSF) and 
granulocyte-macrophage colony stimulating factor (GM-CSF). 

G-CSF is clinically used and commercially available, s uch as filgrastim originated 
from the E. coli non-glycosylated recombinant protein, lenograstim originated from the 
glycosylated molecular of CHO (Chinese hamster ovary cell), nartograstim which is N- 

10 terminal substituted [Maruyama K, et al. (1998) Bone Marrow Transplant 22(4): 313-320]. 
The main biological activities of G-CSF are promoting the propagation of granulo- 
progenitor cells and differentiation into neutrophilic leukocytes, and improving the 
survival of mature neutrophilic leukocytes and the well establishment of the function 
thereof, including phagocytolysis, sterilization and the cytotoxic effect mediated by 

15 antibodic c ells [Ohsaka A, et al. (1998) Br J Haematol 100(1): 66-69]. Recent research 
showed that, for failed acute myeloblasts leukemia, chronic myeloblastic leukemia, 
foreign bone marrow transplantation after using united pretreatment protocol including 
systematic radiation, large dosage of cytosine arabinoside and G-CSF in haematogenic 
progenitor crisis period can reduce the recurrence rate and improve the disease-free 

20 survival rate without serious unwanted response [Takahashi M, et al. (1997) Am J 
Hematol 56(1): 42-44; Takahashi S, et al. (1998) Am J Hematol 57(4): 303-308], At 
present, G-CSF is also used to recruit peripheral blood stem cells for autograft and 
allograft. The recruitment protocol most commonly used is using G-CSF after 
cyclophosphamide or using G-CSF alone. However, because the haematogenesis stem 

25 cells and progenitor cells (CD34 + cells) recruited by these two protocols have potential to 
develop into different clones, the different recruitment protocols should be used for 
different purposes [Cesana C, et al. (1998) Bone Marrow Transplant 21(6): 561-568]. 

At present, many growth factors are found to improve the recruitment of mice 
peripheral blood stem cells in high dosage chemotherapy group or normal group, which 

30 can be used in peripheral blood stem transplantation, or increase the amount of bone 
marrow karyote and restore the amount of peripheral blood leukocytes. These factors 
include granulocyte colony stimulating factor (G-CSF), granulocyte-macrophage colony 
stimulating factor (GM-CSF), interleukin-3 (IL-3), stem cell factors (SCF), Flt-3 ligands, 
etc. [Bungart B, et al. (1990) Br J Haematol 76(2): 174-179; Lane T, et al. (1995) Blood 

35 8 5(1): 2 7 5-2 8 2; Brugger W, et al. (1992) Blood 79(5): 1193-1200; Molineux G, et al. 
(1991) Blood 78(4): 961-966; Ashihara E, et al. (1998) Eur J Haematol 60(2): 86-92]. 
Recombinant human granulocyte colony stimulating factor (rhG-CSF) and/or recombinant 
human granulocyte-macrophage colony stimulating factor (rhGM-CSF) are mainly used 
clinically to recruit the peripheral blood stem cells or promote the recovery of 
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h»ematoge„esi S after radiotherapy/chemotherapy. However, these two methods are very 
expensive and are hardly affordable by ordinary people. Furthermore, there are some 
problems in elinical use. High dosage of rhG-CSF may cause unwanted response sueh as 
osteodynia. High dosage of rhOM-CSF wU. he aeeompanied by fever. Moreover, when 
using them to reerui. peripheral blood stem cells for periphery, blood s em eel, 
transplantation, i, can hardly obtain enough peripheral blood stem cells for transplant on 
in one administration course, which brings pain to the stem cell donor and make he 
receptor wait till the next stem cel. transplantation, thus increasing the nsk. IL-8, IL- 1, 
SCF Flt-3 ligand or macrophage inflammation protein-la(MlP-la) can also reenttt the 

Shell, stem cells, b„, weaker than G-CSF or GM-CSF [Andrews RG - . . > 
Blood 80: 920-927. Haas R, e, a,. (1993) 12: 643-649; Lemoli RM, e. a . 0«a«* 

1672; Jacoben SE, e, a,. (1995) 3 Exp Med 181: 1357-1363; Laterveer L, e, al. (1996) 87. 
781-788; Hunter MG.etal. (1995) 86: 4400-4408]. 

Therefore, it is a need of inexpensive haematogenesis promotmg pharmaceutical 

compositions in art. 

Summar y of Invention 

^urp^e~T7he invention is to provide an inexpensive pharmaceutical 
composition for promoting hemopoiesis. 

Another purpose of the invention is to provide a method for prepanng the 

pharmaceutical composition. 

,„ the first aspect, the invention provides a pharmaceutical eomposition comprising a 
safe and efficient amount of osteogenic growth peptide or OOP, a safe and efficen 
amount of granulocyte colony-stimulating factor or G-CSF and la p armaeeu cally 
acceptable earner, wheretn the molar ratio of OOP to G-CSF ,s from 0.25: 1 to 100. 1. 

,„ one preferred embodiment, the pharmaceutical composition further compnses a 
component selected from the group consisting of GM-CSF, EPO, IL-2, or the eombmatton 

"""to another preferred embodiment, the OOP is selected from the group consisting of 
human OOP, OGP-related peptide, their pharmaceutical^ acceptable salts, and the 

combination thereof. . - 

,„ another preferred embodiment, the molar ratio of OOP to G-CSF » from ,. 1 to 

20' 1 

5 ' ' in another preferred embodiment, the formulation of the pharmaceutical composition 

is injection, or lyophilized powder. 

In the second aspect, the invention provides a method for prepanng a pharmaceuUcal 
composition, comprising the following steps: rt u t!lin ; n< , 

mixing the OOP, G-CSF and a pharmaceutical^ acceptable earner, thereby obtaining 
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the pharmaceutical composition, wherein the molar ratio of OGP to G-CSF is from 0.25: 1 
to 100: 1. 

In the third aspect, the invention provides the use of the mixture of OGP and/or 
OGP-related peptide together with rhG-CSF for preparing a pharmaceutical composition 
5 for promoting the hemopoiesis of rhG-CSF. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the effect of co-administration of sOGP and rhG-CSF to normal mice 
after administration of sOGP for 5 days alone on white blood cell (WBC) number in 
10 different time. 

#: the comparison of co-administration group and the group using rhG-CSF alone, 
p<0.0005 

*: the comparison of co-administration group and the group using rhG-CSF alone, 
p<0.05 

15 Fig. 2 shows the effect of co-administration of sOGP and rhG-CSF to normal mice 

after administration of sOGP for 5 days alone on leukocytes (LY) number in different time. 

#: the comparison of co-administration group and the group using rhG-CSF alone, 
p<0.0005 

*: the comparison of co-administration group and the group using rhG-CSF alone, 
20 p<0.05 

Fig. 3 shows the pathologic observation of the breastbone section of each of 
experimental groups in which normal mice are combined administered with sOGP and 
rhG-CSF after administration of sOGP for 5 days alone. Fig. 3A is normal control group. 
Fig. 3B is the group administered by sOGP alone. Fig. 3C is the group co-administrated 
25 with sOGP and rhG-SCF. Fig. 3D is the group administrated with rhG-CSF alone. 

Fig. 4 shows the pathologic observation of the spleen section of each of experimental 
groups in which normal mice are combined administered with sOGP and rhG-CSF after 
administration of sOGP for 5 days alone. Fig. 4A is normal control group. Fig. 4B is the 
group administered by sOGP alone. Fig. 4C is the group co-administrated with sOGP and r 
30 G-SCF. Fig. 4D is the group administrated with rhG-CSF alone. 

Fig. 5 shows the effect of simultaneously a dministration of sOGP and rhG-CSF to 
normal mice on white blood cell (WBC) number before/after administration in different 
time. 

#: the comparison of co-administration group and the group using rhG-CSF alone, 
35 p<0.0005. 

Detailed description of invention 

After comprehensive and intensive researches, the inventors have found that, the co- 
administration of OGP and G-CSF has a synergistic effect, significantly enhancing the 
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efficiency of G-CSF, thereby more efficiently improving the proliferation of hematopoietic 
cells (primarily granulocyte) and the recruitment of peripheral blood stem cell. On the 
basis of said discovery, the inventors completed this invention. 

5 As used herein, the term "promoting hemopoiesis" or " hemopoiesis promotion" 

means that the co-administration of OGP and G-CSF improves the recruitment of 
peripheral blood stem cell, ameliorates diseases, or makes the patient recover from the 
decrease of peripheral blood neutrophilic granulocyte caused by radiotherapy lesion or 
chemotherapy drugs. 

10 As used herein, the term "amino acid " means any of the 20 naturally occurring 

amino acids ( in three-letter code): Gly, Ala, Asp, Glu, Asn, Gin, Ser, Thr, Leu, He, Lys, 
Arg, Phe, Tyr, Tip, Pro, Cys, Met, His, Val, unless otherwise specified. The term includes 
D- and L-amino acids. F urther, the term also includes synthetic amino acid, methylated 
amino acid, and allo-amino acid. 

15 

Granulocyte Colony-Stimulating Factor (G-CSF) 

The G-CSF useful in the invention is from any resources, including natural and 
recombinant G-CSF, its analogs and active fragments, and the pharmaceutical^ acceptable 
salts thereof. The recombinant hG-CSF is particularly preferred. The commercial products 
20 of G-CSF include, but are not limited to, filgrastim, lenograstim, nartograstim, or the 
combination thereof. 

The safe and efficient amount of G-CSF is usually 0.1-1000ug/kg body weight, 
preferably 0.2-250ug/kg body weight. For example, when administrated to human for 
various indications such as inducing the formation of peripheral blood before or after 
25 radiotherapy or chemotherapy and bone marrow transplantation, the dose of rhG-CSF is 
0.4-100ug per kg body weight. When administrated to mammal animals such as rats, the 
dose is 100-500 ug per kg body weight. 

Osteogenic growth peptide or OGP 

30 As used herein, the term " OGP " includes the natural O GP p olypeptide, synthetic 

OGP polypeptide, all OGP analogs, OGP-related peptides, and the pharmaceutical^ 

acceptable salts thereof. 

The OGP useful in the invention includes all forms of the above OGP, especially the 

synthetic or recombinant OGP. 
35 The preferred OGP is the human OGP having the amino acid sequence of 

ALKRQGRTLYGFGG. 

Moreover, the OGP-related peptide is also useful in the invention. The preferred 

OGP-related peptide is derived from the C terminal of OGP and has the amino acid 

sequence of formula (I): 
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wh erein X, is amino, acetyl, ace,y,a,ed amino acid or — = * ^ 
of X2 and X6 is tndependenfly none or a single ammo acd ,s sev alam 

r^rrrr;^:"^, A „ * * - - - - 
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Val; i fnrp rented oeDtide is 5-15 amino acids. 

Y is Tyr, F is Phe, and the ,eng,h ^^^^ peptide of formnla (I) 
It has been showed in the prevtous study that the OOP tela p p 

No. 5, 814, 610 and Chen YC e al., J. M ides . there is n0 specl al 

recombination methodology, or enzyme ptocessmg ^ ^ 

A preferred method is ,o "^^toOP Jated peptides useful in the 
solid or liquid process, to produce the OOP an ^ ^ 

mention. The solid synthesis is more stew ' aIt e , a,.. Solid 

Merrifieid Peptide Synthesis, T^L, H-, 19S4; Barany, G And 

Phase Peptide Syn«hes,s, 2nd. ed P. rce C em ■ ^ Academic Press , 

Merrifteld R.B. in The Pepttdes, Vol.2, Gross, E. * lcid seque „ce, 

New York, p P 3-284, ,979). Briefly, , tokthe C - rermina, of 

peptide chain protected by snt.able pro.ec.mg g P ^ for 

,he different kinds of linked am.no acd, one can select and ^ 
polypeptide synthesis, which inclnde but are no, l.mtted 

crosslinked polystytene, and polyacylarmde restn ^ ^ 
0ne can use an = me * <£L**Z - 

proper salts according to the methods we,, known » . ;^»^ og . 100mg pet kg 

In the invention, the safe and efficient amount of OGP is usually 
body weigh,, preferably 0.5ug-10mg per kg body wcrgh,. 

Pharmaceutical Composition uprises the following 

5 The pharmaceutical compos.tton of the tnventton P 

"OOP and/or OGP-re,a,ed pep.ide, or ,he pharmaceu.tcally acceptable salts 
I the acceptable amount of G-CSF or the pharmaceutical* accept* salts .hereof, 



thereof, 
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(3)»P— ic is *- 0.25: 1 to 100: 1. Preferably, .he 
wherein the molar ratio of OOP to o 

molar ratio is from 1: 1 to 20: 1. r „ m „onents is as follows: 

A oreferred method for determining the amoonts of the components 
A preferred me c0 „ V e„,i„nally aceeptable amount of G-CSF, 

firstly, the amount of G-CSF s e* ^ ^ ^ ^ 0Qp . 

:r P n: - — - «» > — * t ,han ° r equal 10 

amount of G-CSF so as to obtain the best ratio of efficiency to cos, 

,„ addition to OOP and,or OOP-related pepttde and *KSF, ^.hejha 

— to "- h \— r E r::.h^— arfabLaJrhereof. 
haematogenesis such as GM-CSF, bfu, clinically used for 

into lyophilized formulatron. ^ cair(ers or 

Th e ^prepare the formulations for 

diluents such as water, saline, isotonic . m „ul n „. nose drops, eye drops, 

parenteral administration such as solutions, mjecttons, emuU, n n s • *P - J 
P T„e etreipients or catriets such as starch, lactose, tale powd , sue™ « S y 
liqui d paraffin, liposome, a.bumin or gelattn can * ^ » ^ es> 

• • nrp anH G-CSF for gastrointestinal administration sucn as> & 
contatmng OOP ad ° « F ^ „ additl0n „ 

tablets, powders, granules, capsules or p auxi |j a ,y components can 

*. active ingredients and suitable earners and exctp.ent , some aua y P 

' ^ssssssssspsst 

blood stem cell transplantation; biood neutrophilic 

(2) treating the disorders caused by the decrease ot pe p 

u a f rnm radiotherapy lesion or chemotherapy drugs; 
"TP— r^Trhe pertphcra, blood leucocyte in bone marrow 
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transplantation and facilitating the survival of donor cells; 
(4) preventing the acute radiation sickness. 

The inventors prepared the composition containing OGP and G-CSF and observed 
5 the effects on promoting the h aematogenesis by co-administrating OGP and rhG-CSF in 
the following experiments: 

a) the effect on the number of peripheral blood leucocyte in normal mice by co- 
administrating OGP and rhG-CSF; 

b) the effect on the number of peripheral blood lymphocyte in normal mice by c o- 
10 administrating OGP and rhG-CSF; 

c) the effect on the number of peripheral blood erythrocyte and thrombocyte in 
normal mice by co-administrating OGP and rhG-CSF; 

d) the effect on the number and classification of bone marrow karyotes in normal 
mice by co-administrating OGP and rhG-CSF; 

15 e) the pathologic observation on breastbone section of normal mice; 

f) the effect on the weight of spleen in normal mice by co-administrating OGP and 
rhG-CSF; 

g) the pathologic observation on spleen section of normal mice. 

The results indicated that the co-administration of OGP and G-CSF significantly 

20 promoted the increase of peripheral blood leucocyte in normal mice and the number was 
increased by 2-3 folds compared to that in the mice administrated only the same dose of 
G-CSF and by 5-6 folds compared to that in the normal control. The co-administration of 
OGP and G-CSF significantly promoted the increase of peripheral blood lymphocyte in 
normal mice and the number was increased by 2-3 folds compared to that in the mice 

25 administrated only the same dose of G-CSF and by 3-4 folds compared to that in the 
normal control. Meanwhile, it promoted the enlargement of spleen in mice. The detection 
on karyote classification in spleen sections showed that the haematogenesis of spleen 
granulocyte was promoted. No abnormal proliferation of bone marrow was observed in the 
administration group during the experiments such as counting the bone marrow, detecting 

30 the bone marrow smear and detecting breastbone. 

As to the mechanism of synergistic effects, the inventors deemed that, OGP might 
decrease the adhesive moleculars such as integrin on the surface of the hemopoietic stem 
cells or progenitor cells, thereby promoting the release of the stem cells and progenitor 
cells from bone marrow into the peripheral blood and promoting the extramedullary 

35 hemopoiesis of spleen so as to enhance the function of G-CSF. OGP may also influence 
the microenvironment of the bone marrow matrix, and act on cells in the bone marrow 
matrix so as to increase the expression of other hemopoietic cytokines or up-regulate the 
receptors for G-CSF, thereby enhancing the function of G-CSF. However, it would be 
appreciated that the present invention is limited by the above mechanism. 
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r f th, invention indicated that the pharmaceutical composition 

clinical application potential. 

on ,y Wended ,0 illume ,he inven..o», but no. to m. *°P ^ 
experimental methods in the following examples, are P" 10 
12ns or as instructed by the manufaOurers, uniess othetw.se speeded. 

^TeTor OGP and the related pepUde* with foe Fmoc Sy ,em on the Boe 

S,SK ;e OGP and the reia.ed peptides were syn.hesi.ed by ***~r%££ 

Boc Jystem — . ,o .he "J^^"^^ 
For example, the synthests of OGP with the Bo y ^ 
B„eQ-Pam-resi„. The seance was " ~l, ive ^ used (or 

by one according to the ^^J^^^ respee.ive, y . The 
vari „„s Boe amino aeids were Lys OZ) A T ( ^ ^ ^ ^ ^ ^ 

con ae»sa,ion agent "^^^^ 50 %TFA after foe beginning o, each 

Tl IctS wal Z f r n—on. The pepttde cha.n was treated under 
cycle, then 10 /o DIbA was a synthesized. Then it 

"rrrrrrr^c. ~ removed — 

— amd and foe 

TSK HW-40F gel column. The analysis 01 r 

determination of the purity were performed. QG and multiple OGP- 

50 An OGP with an amino acid sequence of ALKRQGRlLiu 

related peptides were obtained. 



" r^tlc effe« of OGP and G-CSF on promoting b.ema.oge.esU 
35 2.1 Materials prepared in Example 1 . 

granulocyte colony stimulating factor (rhG-CSF). 
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2.2 Methods 

The clean grade of the Balb/c mice, weighed from 16 to 18 g, were used and 
randomly grouped, 7-10 mice per group. The tests were carried out in two batches. 

5 Test 1 

The mice were divided into 4 groups. When studying the synergistic effect of sOGP 
and rhG-CSF, sOGP was first administered for 5 days, then sOGP and rhG-CSF were 
administered simultaneously. 

A group: the normal control group; 
10 B group: the group administered with sOGP alone with a dose of 0.5 nmol per mouse; 

C group: the group administered with sOGP in combination with rhG-CSF, wherein 
the dose of sOGP was 0.5 nmol per mouse, and the dose of G-CSF was lOOjig per kg body 
weight, and the molar ratio between them was about 5.5 to 1; 

D group: the group administered with G-CSF alone with a dose of 100|ig per kg body 
15 weight. 

The sOGP was administered daily to Group B from Day 1 to Day 13. As to the C 
group, sOGP was first administered for 5 days, then sOGP and G-CSF were co- 
administered for 8 days. As to the D group, rhG-CSF was administered from the sixth day 
and lasted for 8 days. The mice in each group were sacrificed on the 14th day. 
20 The detection indexes were as follows: 

(1) The counts of the peripheral blood leucocytes (WBC), the peripheral blood 
lymphocytes (LY), red blood cells (RBCs) and the change of platelet were determined for 
each group on the first day (no drug was administered), the 5th, 8th, 10th, 12th and 14th 
day. 

25 (2) The counts of marrow karyotes (BMNC) of the mice in each group and the 

change of the classification of the marrow were determined on the 14 th day. 

(3) The sections of the sternum of the mice in each group were determined on the 
14 th day. 

(4) The weights of the spleens of the mice in each group and the sections of the sleep 
30 were determined on the 14 th day. 

Test 2 

The mice were divided into 4 groups. When studying the synergistic effect of sOGP 
and rhG-CSF, they were administered simultaneously. 
35 A group: the normal control group; 

B group: the group administered with sOGP alone with a dose of 0.5 nmol per mouse; 

C group: the group administered with sOGP in combination with rhG-CSF, wherein 
the dose of sOGP was 0.5 nmol per mouse, and the dose of G-CSF was lOOjag per kg body 
weight, and the molar ratio between them was about 5.5 to 1; 
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D group: the group administered with G-CSF alone with a dose of 100|j.g per kg body 
weight. 

The sOGP was administered daily to the B group from Day 1 to Day 10. As to the C 
group, sOGP and G-CSF were co-administered for 10 days. As to the D group, rhG-CSF 
5 was administered from the first day and lasted for 10 days. The mice in each group were 
sacrificed on the eleventh day. 

The detection indexes were as follows: 

(1) The counts of the peripheral blood leucocytes of the mice in each group were 
determined on the first day (no drug was administered), the 3rd, 5th, 7th, 9th and 1 1th day. 
10 (2) The counts of marrow karyotes (BMNC) of the mice in each group were 

determined on the 1 1 th day. 

(3) The weights of the spleens of the mice in each group were determined on the 1 1 th 

day. 

15 2.3 Statistical treatment 

All of data were represented by x±SE. The t-test was used for the experimental data. 

2.4 Results 

The results were indicated in Figures 1-5 and Tables 1-5. 
20 Table 1 showed the influence on the ratio of the peripheral blood granulocyte and 

lymphocyte, and the number of red blood cells (PBCs) and platelet (PLC) produced in the 
normal mice administered with sOGP in combination with rhG-CSF after administration 
of sOGP for 5 days. 

25 Table 1 





% leucocyte 


leucocyte 
(xl0 6 /ml) 


red blood 

cell 
(xl0 9 /ml) 


platelet 
(xl0 6 /ml) 


granulocyte 


lymphocyte 


control 


28.26±1.67 


71.74±1.67 


9.77±0.81 


7.40±0.24 


502.29±14.66 


sOGP 


48.90±1.83 


51.10±1.83 


6.56±0.42 


7.02±0.10 


500.88±11.20 


SOGP+rhG- 
CSF 


63.06±1.20 


36.94±1.20 


35.1±5.67 


6.74±0.19 


495.71±56.64 


G-CSF 


70.39±1.54 


29.61±1.54 


17.59±1.59 


6.68±0.10 


505.43±35.34 



Table 2 showed the influence on total number of the marrow karyote and the change 
of the classification thereof of the thighbone in the normal mice co-administrated with 
sOGP and rhG-CSF after administration of sOGP for 5 days. 

30 
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SST^gSaG. rhG-CSF 
CSF 



Red blood cell line 
primitive erythroblasts 
early erythroblast 
intermediate erythroblast 
late erythroblast 

granulocyte cell line 
primitive granulocyte 
promyelocyte 
myelocyte, metamyelocyte 

matured granulocyte 

acidophil or basophil granulocyte 

megakaryocyte 

lymphocyte cell line 

lymphocyte, plasma cell 

karyote/thighbone(xl0 7 ) 



! 57*0 37 1.13*0.30 1.3*0.38 1.63*0.32 

^ 3.37*0.38 3,5*049 ^ 

12 14*0.86 13.75*1.56 11.38*0.71 12.13*1.92 

2214 *1.52 19.63*2.23 19.63*1.82 16.00*2.11 

0,6*0,7 0.75*0.25 0.63*018 0,3.0.36 

9 29±0 36 1.50*0.27 1.75*0.37 1.88*0.44 

^0 90 13 75*1.37 14.25*1.54 11.00*1.00 

r 76 24-25*1,1 24.75*2.38 30,3*2,7 

,71*0.29 1-63*0.92 1.50*0.32 1.63*0.42 

,.29*0.18 1-00*0.27 0.75*0.25 1-13*0.23 



20.57*1.51 19.25*1.65 20.75*1.42 19.38*2.00 
,98*0^^1^99*^^ 



• u n f the soleen of the normal mice 

TaMe 3 snowed ,e ^^j££V**»>«~<*'<*»*' 
produced by the co-admin.stra„o„ of sOGP and too , 

5 days. 



spleen 
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Table 3 

s0GP s^hG£SF_ 



rhG-CSF 



0.262*0.011 



ftighbooe in ,he nonoa, .nice eo-ad m ,»s,ered wnh 
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karyote number 
/thighbone(xl0 7 ) 



1.74*0.08 1^4*0^06 



l,8±O08j^O12_ 
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Table 5 showed the influence on the weight of the spleen of the normal mice by 
administering sOGP and rhG-CSF simultaneously. #: The co-administration group was 
compared with the group administered with rhG-CSF alone, p<0.05. 

5 Table 5 

spleen Control sOGP sOGP+rhG-CSF rhG-CSF 

weight (g) 0.112*0.004 0.102*0.005 0.300*0.021 0.244*0.017 



2.5 Discussion 

1. The influences produced by co-administrating sOGP and rhG-CSF after 
administration of sOGP for 5 days included on the following aspects: the counts of the 

10 peripheral blood leucocytes; the classification of the leukocytes, i.e., the counts of the 
granulocytes and lymphocytes and the ratio between them; the counts of the red blood 
cells and platelet; the marrow karyotes and the classification of the marrow cells; the 
observation of the sections of sternum; the observation of the sections of mice spleen; and 
the weight of mice spleen. 

15 (1) ^ could be seen from Figure 1 that, after the 11 th day, the count of peripheral 

blood leucocytes (WBC) in the group co-administered with sOGP and rhG-CSF was 
significantly higher than those in the other groups. It was about 2.5 times of that in rhG- 
CSF group (p<0.0005), and 5 times of that in the normal control group (p<0.00005). After 
the 13 th day, the count of peripheral blood leucocytes in the group co-administered with 

20 sOGP and rhG-CSF was significantly higher than those in the other groups and 
specifically, about 2 times of that in the rhG-CSF group (p<0.05), and 4 times of that in 
the normal control group (p<0.001). 

It could be seen from Figure 2 that, after the 1 1 th and the 13 th days, the count of the 
peripheral blood lymphocytes was significantly higher than those of the other groups, 

25 specifically, about 2 times of that in the rhG-CSF group (p<0.05) and about 2 times of that 
in the normal group (PO.05-0.0005). 

As to the influence on the classification of the leucocyte, it could be seen from Table 
1 that in the group co-administered with sOGP and rhG-CSF, the ratio of the granulocytes 
to the leucocytes was higher than those of the control group and the sOGP group, but 

30 lower than that of rhG-CSF group, and the ratio of the lymphocytes to the leukocytes was 
lower than those in the control group and the sOGP group, but higher than that in the rhG- 
CSF group. 

As to the influence on the counts of the red blood cells and the platelet, no 
significant difference could be found among the groups. 
35 (2) It could be seen from Figure 3 that the bone marrow cells of the negative control 

group (Figure A) were normally proliferated. The ratios among the three cell lines were 
normal and no specific pathological change was found. 
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The bone marrow cells of the group administered with sOGP alone (Figure B) were 
normally proliferated, the ratios among the three cell lines were normal and no specific 
pathological change was found. 

The bone marrow cells of the group co-administered with sOGP and rhG-CSF 
5 (Figure C) were normally proliferated, the ratios among the three cell lines were normal 
and no specific pathological change was found. 

As to the group administered with rhG-CSF alone (Figure D), the proliferation of the 
bone marrow cells and the ratios among the three cell lines were normal. However, the 
ratio of the matured granulocyte cell line to the granulocyte cell line was a little high. This 
10 may be a reactive proliferation, not a pathological change. 

(3) It could be seen from Figure 4 that the white matter of the negative control group 
(Figure A) was normal. There were few hemopoietic cells in the red matter, and the ratio, 
between the granulocytes and the red blood cells was about 0.5 to 1. Most of the cells in 
the granulocyte cell line were the immature cells. The matured granulocytes comprised 

15 about 25% of the granulocytes. The megakaryocyte cell line was slightly proliferated. 

The white matter of the group administered with sOGP alone (Figure B) was normal. 
There are few hemopoietic cells in the red matter, and the ratio between the granulocytes 
and the red blood cells was about 1 to 1. The matured granulocytes comprised about 30% 
of the granulocytes. 

20 The white matter of the group co-administered with sOGP and rhG-CSF (Figure C) 

was mildly or moderately shrunk, the red matter was proliferated moderately and 
contained a lot of hemopoietic cells. The ratio between the granulocytes and the red blood 
cells was about 1.75:1. The megakaryocyte cell line was moderately proliferated. The 
matured granulocytes in the granulocyte cell line comprised about 60% of the granulocytes. 

25 The white matter of the group administered with rhG-CSF alone (Figure D) was 

lightly to moderately shrunk, the red matter was proliferated moderately and contains a lot 
of hemopoietic cells. The ratio between the granulocytes and the red blood cells was about 
2:1. The megakaryocyte cell line was moderately proliferated. The matured granulocytes 
in the granulocyte cell line comprised about 60% of the granulocytes. 

30 It could be seen from this test that the haematogenesis inside the spleen and outside 

the marrow (the granulocyte, red blood cell and megakaryocyte cell lines) was significant 
in Groups C and D. Group B was slightly insignificant. According to the pathological 
morphology thereof and the ratios of the cells in each stage of each system, the 
haematogenesis function of the bone marrow resulted in responsive proliferation other 

35 than cancerous proliferation. 

(4) It could be seen from Table 2 that the marrow karyotes in the thighbone of mice 
in the group co-administered with sOGP and rhG-CSF was not significantly different from 
the other three groups, and no abnormal proliferation of the marrow was observed. As 
compared to the control group, the count of the promyelocyte in the co-administration 
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, u nt5 of the myelocyte, metamyelocyte and the matured 
group was less, while the - ^ J rf ^ promyelocyte could be 

granulocyte was mcrease d nd,cat mg ^ matured granulocyte 

expedited and it was poss* * » ^ enhancing the count of the leucocyte 

from the bone marrow into the peripheral 

in the peripheral blood. of ^ mice in the group co- 

(5 ) It could be seen from Table that t p ^ ^ ^ ^ 

administered with sOGP and g > And> the weight 0 f the group co- 

were significantly highe^ to be higher than that in the group 

adminis tered with ^ot significantly different, which indicated 

t^^Z^ count of the leucocyte in the peripheral blood by 
facilitating the haematogenesis of the spleen. 

„f cOfiP and rhG-CSF on the counts of the 

- *°- CSF - *; 'I ; w L about 2.3 times of ft* in the rhG-CSF group 
th an those m .ho other groups. (P < 0 .00005). 
(P<0 0005) and 5 3 ttmes of that n «h no ^ 

(2) It could be seen front Ftgnre 4 that ^administered 
the count of the marrow aaryo.es in ^ghbone^ the m « » ^ ^ 

wift sOGP and rhG-CSF and those ohtatned ,n the other 

pr „Hfera.ion of the hone marrow was observed ^ ^ ^ ^ ^ ^ 
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group administered with rhG-CSF alone (P<0.05). 



30 
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Examples pro moting haematogenesis 

rST-Si r^c effects when using dtfferen. mo.ar rattos 
between the osteogenesis grow.h pep.tde and G-CSF ^ ^ 

The example was earned our baste* ac « ™^ ^ ^ 
the amounts of OGP were changed, i.e., the moia 

O-CSF on .he promotion of haematogenesis were also observed. 
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All the documents cited herein are incorporated into the invention as reference, as if 
each of them is individually incorporated. Further, it would be appreciated that, in the 
above teaching of invention, the skilled in the art could make certain changes or 
5 modifications to the invention, and these equivalents would still be within the scope of the 
invention defined by the appended claims of the application. 
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